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Guesitica 1: (10 marks) mi A Na, MLE Zee KH | 


A very small block of mass 2 kg is hanging by a string from the ceiling. A bullet of mass 50 grams has a velocity 
of 4207 m/s when it strikes the block as shown. The bullet emerges from the far side of the block with a velocity 
of 80im/s. 


(a) What is the linear impulse delivered by the block to the bullet? 


(b) How much kinetic energy is lost from the system when the bullet passes through the block? y 
(The system consists of the bullet plus the block). | 
x 
3.5 meters 
DO y 
—P 


420 m/s 


Mr dkeam AE wor, 200} 
The bar AB has a length of 3 meters. Its movement is constrained, such that point “A” can travel only in the 
vertical direction, and point “B” can travel only in the horizontal direction. At time t = 0, O = 40 degrees and the 
angular velocity of the bar is œ= 0.15 s! (clockwise). At time t = 0, the angular acceleration of the bar is equal to 
& = 0.2 s” counterclockwise. Assume that œ is constant for the period of interest. 


MIE100 Exam review — April 2019 


(a) Determine the value of the angle 8 at time t = 1.7 seconds. 


(b) Find the velocity of “B” at time t = 0, in x-y coordinates. 


(c) Find the acceleration of “A” at time t = 0, in x-y coordinates. 
eee 


B 


` MiG ~ Mi dlan Tt /4P 
Last Name: A VSWERS ‘ 
Question 1: 


A wheel of radius 4 meters rolls to the right without slipping on the ground. The wheel is pinned at point “A” to 
one end of a bar of length 16 meters. The other end of the bar is pinned to a slider at point “B” that slides in the 
horizontal direction. At the position shown in the diagram, the bar AB is inclined at 30° with respect to the 
horizontal direction, and the magnitude of the velocity of point “A” is 10 m/s. For the position shown in the 


diagram. find the following: 
(a) the angular velocity of the wheel. o 7 


(b) the speed of point “B”. | 
X 
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MIE 200F — Dynamics 
Midterm Test 
November 4, 2002 
Test duration: 100 minutes 


Question 1: (15 marks) 
A satellite of mass 1500 kg is being driven by its own rockets in a spirally climbing pattern from the planet 
Krypton, as shown in the diagram. Krypton is a spherical planet of radius R = 7000 km; the acceleration due to 
gravity at its surface is g= 11.5 m/s. At the instant shown, the satellite has an altitude of 0.8R above the planet’s 
surface, and its altitude is increasing at a constant rate of 230 m/s. Its total speed is 1400 m/s, and is increasing by 
10 m/s’. 
( 5 ) (a) Find vo and v; at the position shown 
5) (b) Find 6, r, and a, at the position shown. 
E (c) Suppose that the rockets are switched off at the position shown. What will he the values of a, and 
_—_ ag just after the shutdown? pit EN 


1S + 


Question 2: (15 marks) poget A 4 


The 20-kg block moves vertically under the forces of gravity, and tension from the rope. At the instant shown, the 
velocity of the block is 12 m/s} j, and a=-5 m/s an The spring constant is k = 2 N/m. Wheels have radius 0.4 m. 


( 5, (a) Find the tension in the rope at the instant shown. 
5) (b) Find the velocity of point P on the left wheel at the instant shown in x — y coordinates. 


5) (c) Find angular acceleration a of the central wheel “B” at the instant shown. | 
6) (d) Find the change in potential energy of the spring when the 
mass has moved upwards by 1.5 meters from the position shown. g=9.81 m/s” 


Tas y 


pore ady 


Question 3: (15 marks) 


The system of bars causes points “A” and “G” to move in a purely vertical direction. Each bar has a length of 10 
meters, with points “A” and “G” at the bar midpoints. The blocks at points “B” and “C” can slide in the 
horizontal direction only. At the instant shown, the velocities of “B” and “C” are constant, and equal to: 


Vp = -2 m/s î, and Vc = 2 m/si. 


( S ) (a) Determine the x-y coordinates of the instantaneous center 
of zero velocity for bar BE, at the instant shown. 


( 5 ) (b) Determine œ for the bar CD at the instant shown. 
( S) (e) Find the ratio of |G | to| aa |. 


Ta (d) Find the acceleration of “A” in x-y coordinates. 
1545 


MIE100 Midterm Examination, 6:15-7:55pm Thursday March 2, 2006 


This is a one hour and 40 minute exam. It is a type C test. Only one aid sheet and an approved 


calculator (Casio 260, Sharp 520, TI30) are allowed. Answer all questions. 


1. A particle moves along a path given by r= 5+ and 0 =x 1 (units are meters and 


seconds). 

a) Determine the location of the particle and its acceleration at t=200 sec in polar coordinates. 
(5 marks) 

b) Sketch the location of the particle on a set of standard rectangular axes and at that location, 


sketch the acceleration vector. (5 marks) 


2. At the instant shown in the diagram, block D is |s =9.81 m/s’ 
moving at 7 m/s down the hill and the spring is 
compressed /.8 m. The coefficient of dynamic 
friction between the hill and blocks D and E is 
u:=0.45. The mass of block D is 4 kg and the 
mass of block E is 3 kg. The spring has a stiffness 
coefficient k=25 N/m. At the instant shown, 


a) What is the elastic potential energy of the spring? (5 marks) 

b) What is the acceleration of block D? (10 marks) (use the given X-Y coordinates) 

After traveling down the slope, block D hits the stationary block E and sticks to it. The two 
blocks then start sliding together down the slope, stuck together. 

c) What is the speed of block D immediately before the collision with block £? (10 marks) 

d) By what percentage does the speed of block D change during its collision with block £? (10 


marks) 


3. At a given instant in an airplane race, airplane A = BLE 11 mmr Top View 


is flying horizontally in a straight line, and its speed 4 @ 
is increasi h f 8 m/s’. Airpl i. oo ae 
is increasing at the rate of 8 m/s“. Airplane B is Hi 450 kmh | / ‘we B 
flying at the same altitude as airplane A, as it rounds | 206 x0 Bs 
+ . . . H $ p 5 
a pylon, is following a circular path of 300 m radius. F oa : 
al abe i Șṣ 
Knowing that at the given instant the speed of B is y Ea f S 4 
Oe? eT 
decreasing at the rate of 3 m/s’, determine, for the H 


position shown, the acceleration of B relative to A. 
(20 marks) 


4. A “bungee jumper” with a mass of 80 
kg jumps from a flat bridge that is 50 m 
above a river. The person is attached to 
a “bungee” cord that has an unstretched 
length of 25 m and has a spring constant 
of 150 N/m. The person is attached to 


the cord at the ankles and the person’s 

height is /.8 m. An observer watches 

from 70 m away on the bridge. 

a) When the person comes to a complete stop once all oscillations settle down, how far above 
the river is the top of the head of the jumper? (5 marks) 

The same bungee cord is now attached to an 80 kg cannonball, which is pushed from the same 

spot on the bridge. 

b) What is the maximum force the bungee cord exerts on the cannonball? What is the 
acceleration of the cannonball at that instant? (20 marks) 

c) What is the angular momentum of the cannonball (with respect to the observer) after it has 
fallen 25m? (10 marks) 

Note: please assume that any damping in the cord and also air resistance are negligible in the 


initial fall of the jumper/cannonball. 


MIE100S Dynamics Midterm Examination 
6:10 — 7:55 PM, Thursday March 6", 2008 


This is a 1 hour 45 min exam. It is type C test; only one aid sheet and an approved calculator 
(Casio 260, Sharp 520, T130) are allowed. Answer all three questions. 


. Question (1) 


A straight line has been painted along the diameter of the merry-go-round, as shown in the 
diagram. A woman of mass 60 kg, represented by the bullet in the diagram, is walking along the 
line towards the center. At the instant shown, she is r = 4 meters from the center at 6 = 0; her 
speed relative to the merry-go-round is 0.7 m/s and is decreasing by 0.15 m/s” relative to the 
merry-go-round. The rate of rotation (i.e. angular velocity) of the merry-go-round is 0.1 radians 
per second at the instant shown, and is increasing by 0.017 revolutions per second squared in the 
positive direction. 

a. Determine @ and ï for the woman’s position at the instant shown, in S.I. units. (10 marks) 

b. Determine the radial component of the friction force exerted by the merry-go-round on her 

feet, at the instant shown? (15 marks) 
c. What will be her position relative to the ground in r-9 coordinates at t= 5 seconds? (20 


marks) 


Question (2) 


A particle is located in the x-y plane at x = 3 m and y = 2 m, as 
shown. The particle has a velocity of v = 3i — 4j m/s and y 
acceleration a = 3j m/s”. 
a. What is the particle’s velocity in the n-t system? (5 © P32) 
marks) 
b. What is the particle’ acceleration in the r-6 system, with 


the origin defined as in the figure? (15 marks) 


Question (3) 


Blocks A and B slide on the frictionless surface C-D. The mass of block A is 4 kg and the mass 
of block B is 5 kg. The spring has a stiffness coefficient of 10 N/m and neutral (relaxed, natural) 
length of 0.9 m. Block A is released from rest when 0 = 30°. 

a. Determine the speed of block A at the instant when its position is directly above point O. 
(15 marks) 
b. Immediately after block A passes above point O, it collides with and sticks permanently 


to block B. Determine the maximum distance the pair will travel together to the right. (20 


marks) 


Midterm Test 
MIE 100- Winter 2009 
Thursday 6:15-7:45 pm, March 5 2009 
Aids allowed: non-programmable calculator and aid sheet 


1-Box A is at rest on a conveyor belt that is initially at rest. As the belt is started in the upward 
direction, slipping occurs between the belt and the box. The coefficients of kinetic and static 
friction between the belt and the box are: Hp = 0.3 u, = 0.4 
a) Draw a free body diagram of the box as it is slipping. [10 Marks] 
b) Determine the acceleration of the box as it is slipping; use the co-ordinate system 
shown. [10 Marks] 


2-The pin P is constrained to move in the slotted guides which move at right angles to each 
other. At the instant presented, A has a velocity to the right of 0.4 m/s which is decreasing at 
the rate of 2.5 m/s*. At the same instant, B is moving down with a velocity of 0.3 m/s which is 
decreasing at the rate of 1.5 m/s*. 


a) Find the acceleration of pin P, use the rectangular co-ordinate system given. [10 Marks] 

b) Find the angle between the X-axis and the direction of travel at the instant shown. [10 
Marks] 

c) Find the tangential component of the acceleration of pin P. [10 Marks] 

d) Determine the radius of curvature of the path of P. [10 Marks] 


3-A mother and her child are skiing together with the mother holding a rope attached to the 
child’s waist (see figure below). They are both travelling to the left at the same speed of 5 km/h 
on a flat portion of a trail. Suddenly, the mother pulls the rope for 3 seconds and decreases the 
child’s speed to 2.5 km/h. The mass of mother and child are Mmotner=60 kg and Meni=25 kg, 
respectively. If friction between the skis and snow is negligible, then determine: 


a) The mother’s speed at the end of the 3 s interval. [10 Marks] 

b) The average value of the tension in the rope during the 3 s interval. [10 Marks] 

c) The work done by the mother (via the rope) on the child during the 3 s interval. [10 Marks] 
d) The total distance traveled by the child during the 3 s interval. [10 Marks] 


MIE100 Midterm Test 
Thursday March 4, 2010 
Start Time: 6:10pm Duration: 1 hr 30 min 


Aids Allowed: Non-programmable calculator and one 8.5x11” aid sheet 


Instructions: Write your full name, student number, course information and tutorial section 
number on each exam booklet you use. You may keep this test paper. Answer all three 
questions. 


Question 1 


An object, P, travels along y = 4 with velocity Ÿ = (2x + 1)i m/s. The scale on both the x and y 
axes is metres. A camera is positioned at the origin, O, and is aimed to track the motion of P. 


(i) Using polar co-ordinates centered at O as shown, what is the rate of rotation of the 
camera,@, when 0 = 45°? [15 marks] 


(ii) What is Ë when 0 = 45°? [20 marks] 


Page 1 of 2 


Question 2 

A rock of mass 4 kg is tied to the end of a rope of length 5 meters. The other end of the rope is 
tied to a hook in the ceiling. Let B represent the angle measured in the counter-clockwise 
direction between the ceiling and the rope. The rock is released from rest when B = 0. 


(i) What will be the speed of the rock when fB reaches 60°? [10 marks] 


(ii) What will be the magnitude of the tangential component of the acceleration when B 
reaches 70°? [10 marks] 


(iii) What will be the tension in the rope when fP reaches 60°? [10 marks] 


Question 3 


The collar B of mass 5.75 kg is initially at rest at the position shown. At this position, the spring 
(k=400 N/m) is unstretched and a= 0.9 m. The collar A of mass 0.5 kg strikes collar B at a 
velocity of 40 m/s to the right so that B slides a distance of 1.2 m on the smooth rod before 
momentarily stopping. Assume there is no friction. 


(i) Determine the velocity of collar A just after impact. [25 marks] 


(ii) Find the magnitude of the average force exerted between A and B during the impact if the 
impact occurs over a duration of 0.002 s. [10 marks] 
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MIE 100S DYNAMICS: Spring 2011 


Midterm Test, Monday, February 28, 2011 6:10 pm- 7:40 pm 


Question 1 /40 marks total] 


r = (3 — cos0) 


Figure 1 


At t= 0, a particle is located at 0 = 0°. The particle travels for a short distance on the path 
r = (3 — cos) meters such that its angular velocity is 6 = 6t rad/s, where t is in seconds. 


a) Find the time t when the particle is at © = 60°. /10 marks] 


b) Find the velocity of the particle at 0 = 60°. Express the result in the polar (r-0) coordinate 
system shown in the figure. /10 marks] 


c) Express the velocity of the particle at 0 = 60° in normal-tangential (n-t) coordinates. 
[10 marks] 


d) Find the radial component of the particle’s acceleration, ap, when the particle is at 0 = 60°. 
[10 marks] 
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MIE 100S Dynamics - Midterm 2011 


Question 2 /30 marks total] 


A 5 kg block sits on a conical dish that is rotating at a constant rate of 10 rad/s about the vertical 


axis (Figure 2). The static coefficient of friction between the block and the dish is p, = 0.28. 


Determine r, the distance between the vertical axis and the block, at which the block is on the 
verge of sliding up the dish. 


10 rad/s 


Figure 2 
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MIE 100S Dynamics - Midterm 2011 


Question 3 /30 marks total] 


A block “B” of mass 25 kg is connected to a spring with stiffness constant k = 20 N/m. At the 
position shown in Figure 3, the spring is stretched by 4 meters. The block is on a slope of angle 


50° with py, = 0.15. 


a) Suppose the block is released from the position shown. For what values of us will the 
block not start to slide down the hill? /70 marks] 


b) Suppose the block is initially sliding down the slope at 3 m/s at the position shown. What 
is the magnitude of its acceleration at the position shown? /10 marks] 


c) Suppose the block is initially moving down the slope at 3 m/s at the position shown. 
What will be the block’s speed when it has traveled 1.5 meters? /10 marks] 


spring 


|e = 9.81 m/s? 


Figure 3 
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MIE100S Dynamics — Spring 2012 
Midterm Test — February 28, 2012 
6:15pm — 7:45pm 


COVER PAGE 


General Instructions: 


e — Answer all questions in the exam booklets provided. 
e Write your full ROSI name, student # and TUTORIAL # on your exam booklet(s). 


Number of Pages: 

° 4 (including cover page) 
Number of Questions: 

° 3 questions 


Permitted Aids: 


e Approved non-communicating/non-programmable calculator 


e = One aid sheet, any colour 


Page 1 of four pages 


1. A particle travels on a path described by y = sin(x-7), as shown. The speed of the particle 
along the path is constant at 0.4 m/s. 


(a) Determine the velocity (V) of the particle at A expressed in the rectangular coordinates 
given. 

(b) Determine the velocity (V) of the particle at A in polar (r-0) coordinates, centered at 
point O indicated in the diagram. 

(c) Determine the acceleration (a) of the particle at A in normal-tangential (n-t) coordinates. 


y = sin(x - 7) 


An equation that you may find useful: p(x) = 


Page 2 of four pages 


2. A collar of mass 0.1 kg is free to slide on a frictionless rod in the horizontal plane as shown. 
A spring is positioned to restrict the movement of the collar and has an un-stretched length 
(€,) of 125 mm and a spring constant of k = 20 N/m. The rod is rotating at a constant angular 
speed of 5 rad/s and r is constant. 


(a) Draw the free body diagram of the collar at the instant shown in the diagram. Indicate the 
exact directions that the forces exert on m. You may omit all forces that exert at right 
angles to the plane of motion. 

(b) Determine the radial distance, r (neglect the width of the collar). 


Page 3 of four pages 


3. A ball of mass ma = 2 kg, connected to a spring with an un-stretched length (€)) of 200 mm 
and a spring constant of k = 100 N/m, falls from rest through a frictionless channel and 
collides with a larger ball of mass mg = 5 kg, as shown. Ball A comes to rest immediately 
after impact. 


(a) Find the speed of ball A as it exits the channel just before impact with ball B. 


(b) Find the speed of ball B immediately after impact. 
(c) Find the maximum angle, 0, formed by ball B. 


200mm 
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MIE 100S Dynamics — Winter 2013 Midterm Test Friday March 1, 2013 


MIE 100S Dynamics — Spring 2013 
Midterm Test 
Friday March 1, 2013 


Start Time: 12:15pm Duration: 1 hr 40 min 


COVER PAGE 


General Instructions: 


e Answer all questions in the exam booklet(s) provided. 

e Write your full ROSI name, Student #, and Tutorial # on each 
exam booklet you use. 

e You may keep the test paper and your aid sheet. 


Number of Pages: 


e 4 (including cover page) 


Number of Questions: 


e Three (3) questions 


Permitted Aids: 


e Approved non-communicating/non-programmable calculator 
e One (1) aid sheet - 8.5”x11”, double-sided, any colour 
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MIE 100S Dynamics — Winter 2013 Midterm Test Friday March 1, 2013 


Question 1 [35 marks total] 


The two sliders A (m, = 0.1 kg) and B (msg = 0.3 kg) move without friction in the 
horizontal plane circular slot. They are linked together by a string of zero mass. 
Both masses are at rest when the force P is applied in the direction shown. 


a) Draw a free body diagram of mass A in the position shown. Include all 
forces, in the plane of motion, that act on A. Include a sketch of the relevant 
normal and tangential co-ordinates. [5 Marks] 


b) Draw a free body diagram of mass B in the position shown. Include all 
forces, in the plane of motion, that act on B; include a sketch of the relevant 
normal and tangential co-ordinates. What is the normal acceleration of B in 
the position shown? [10 Marks] 


c) What is the tension in the string AB, in the position shown? 
[10 Marks] 


d) What is the total acceleration of mass B in the position shown? Use the 
normal and tangential co-ordinates from b) for your final answer. 
[10 Marks] 
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MIE 100S Dynamics — Winter 2013 Midterm Test Friday March 1, 2013 


Question 2 [25 marks total] 


A very small sphere of mass 3 kg is carried by the parallelogram linkage, where 
each side of the parallelogram has length 500 mm. The relaxed length of the spring 
is 400 mm. Ignore the mass of the link arms. At time t=0, @= 90° and the linkage 
is rotating in the clockwise direction such that the sphere has a speed of 4 m/s. 


a) What is the potential energy of the spring at time t=0? [10 Marks] 


b) What will be the direction of travel of the sphere when @ gets extremely 
close to 180° ? (Express your answers in terms of the given x-y coordinate 
system.) [5 Marks] 


c) Find the speed of the sphere when @ gets extremely close to 180°. 
[10 Marks] 
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MIE 100S Dynamics — Winter 2013 Midterm Test Friday March 1, 2013 


Question 3 [40 marks total] 


At time t=0, the velocity of cylinder A is 0.4 m/s down. (Neglect all friction) 


a) Draw a free body diagram of cylinder A and a free body diagram of cylinder 
B. [10 Marks] 


b) What is the velocity of cylinder B at t=0 ? [10 Marks] 


c) What is the acceleration of cylinder A at t=2 s and the acceleration of 
cylinder B at t=2 s ? [10 Marks] 


d) Find the velocity of cylinder B at time t=2 s. [10 Marks] 
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MIE100S Dynamics — Spring 2014 
Midterm Test — February 25, 2014 
6:15 — 7:45 p.m. 


General Instructions: 


° Answer all questions in the exam booklets provided. 

° Print your full ROSI name, student # and TUTORIAL # on your exam booklet(s). 
° All rough work must be neatly shown to earn credit for each question 

° You must use a pen or dark pencil 

° Answer all three questions 

° Total marks on this test = 100 


Number of Pages: 


e 4 (including cover page) 


Permitted Aids: 


e  Non-communicating/non-programmable calculator: Casio FX-991MS_ or 
Sharp EL-520X 


e One 8%” x 11” aid sheet, any colour. You may write on both sides of the sheet. 
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(5 marks) 


(15 marks) 


(10 marks) 
30 


. A box of mass m = 50 kg slides down a hill. At the instant before it goes over the cliff 


(Position A in the diagram), the speed of the box is 17 m/s, the frictional force between 
the box and hill is 130 Newtons, the radius of curvature of the hill is 28 meters, and the 
hill is sloped down at 20 degrees. 


(a) 


(b) 
(c) 


Find the normal component of the acceleration (a,) at the instant shown in the 
diagram. 


Find the coefficient of kinetic friction. 


What is the horizontal distance that the box will travel after it goes over the cliff of 
height 40 meters? 


hill 


aaa 


wf! \ 
ea 


position A 


A 


cliff is 40 meters high 
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2. Crates A and B are connected by a rope and pulley system. At the instant shown in the 
diagram, the speed of crate A is 0.5 m/s to the right. The coefficient of kinetic friction ux 
between the crate A and the ground is 0.27. 


mass, = 44 kg. massg= 21 kg. 


(10 marks) (a) | What is the kinetic energy of crate B at the instant shown in the diagram? 
(20 marks) (b) | What is the acceleration of crate B at the instant shown in the diagram? 
30 


+ g=9.81 m/s” 
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3. Collars A and B slide on a frictionless rod as shown in the diagram. At the instant shown, 
collar B has a velocity of 2 m/s to the left, and collar A is sitting at rest on two platforms. 
The platforms are each attached to a spring and are initially held stationary with the 
springs compressed to an initial length x = 0.3 m, as shown. Each spring has an 
unstretched (relaxed) length of 1.5 m and a spring constant of 200 N/m. The mass of 
collar A is 4 kg and the mass of collar B is 5 kg. Assume that the dimensions of both 
collars and the platforms are extremely small. 


(10 marks) (a) What is the total elastic potential energy of the two springs before the platforms 
are released? 


(20 marks) (b) When the platforms are released, collar A slides along the rod to point C where it 
collides with collar B. The two collars then stick together. What is the velocity of 
collars A and B immediately after they stick together, expressed in x-y coordinates? 


(10 marks) (c) How much heat is generated in the collision between collars A and B? 


40 


platform 
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MIE100 Midterm Test — March 1, 2016 


Allotted time: 90 minutes. Answer all questions 
Answers to be placed in CrowdMark Booklets 


General Instructions: 


e Make sure that you are in the correct room or marks will be deducted: 
A-L: EX 100 
M-Z: EX 200 


e Write your name, student number, and e-mail address on the front of the CrowdMark Booklet. 
e You must neatly show all rough work to earn credit for each answer. 
e Use a very dark pencil or pen 


e Your final answers must include the appropriate units, and direction for any vectors using the 
coordinate system specified in the question. 


e Total number of marks for this test: 75 


Permitted Aids: 
e Non-communicating/non-programmable calculator: Casio FX-991 or Sharp EL-520. 


e One 8 %” x 11” aid sheet, any colour, brought to the test by the student. You may write on both 
sides of the sheet. 


Examination Rooms (by first letter of surname): 


A-L: EX 100 
M-Z: EX200 
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1. A 5 kg collar is on a rod that is rotating in a horizontal plane around a vertical pole, as 
shown in the diagram. There is no friction between the rod and the pole. At the instant 
shown, the collar is located at a distance r = 0.2 meters from the axis of rotation. A 
spring is attached to the collar and to the end of the rod. The undeformed (relaxed) 
length of the spring is 0.25 meters, and the spring constant is k = 150 N/m. The rod 
has zero mass. Friction between the rod and collar is determined by: u= 0.25, us = 0.3. 


10 (a) | Assume that the collar is initially not sliding along the rod. Find the maximum 
value of Ê of the rod without causing the collar to start sliding at the position 
shown in the diagram. 


5 (b) Suppose that the value of Ê is initially equal to 3.25 radians/second, r = 0.2 m, 
andr = —0.3 m/s at the instant shown in the diagram. What will be the radial 
component of the collar’s acceleration, a, at that instant? 


10 (c) Suppose that the value of Ê is initially equal to 3.25 radians/second, r = 0.2 m, 
andr = —0.3 m/s at the instant shown in the diagram. Determine the velocity of 
the collar in (r, 8) coordinates when the collar reaches the position r = 0.13m. 


25 marks for question #1 


pole S 6 Tor 
TR collar 


g= 9.81 m/s? 
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2. A small, 21.4 kg collar is constrained to travel vertically along a frictionless pole of 
length L = 2.8m. 


The two springs attached to the collar are identical, and they are unstretched when the 
collar is at the midpoint of the pole. Neglect air resistance 


5 (a) At the position shown in the diagram, what is the force exerted by the pole on the 

collar? 

10 | (b) Suppose that the collar has a velocity of 13 f m/s at the position shown in the 
diagram. What would be the value of the spring constant, k, so that the collar has 
zero velocity when it reaches the top of the pole? 

[10 | (c) Now assume that each spring has a spring constant k = 2500 N/m. What is the 

acceleration of the collar at the position shown in the diagram? 


25 marks for question #2 


< L2 ——— 


g =9.81 m/s? 


p 


~ L2 ————> 
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3. The small blocks A and B are connected by a straight rod, and the entire system is rotating 


10 


counter-clockwise in the horizontal x-y plane about O with angular speed Ê. When the rod 
aligns with the x-axis, the link between A and B is cut (see drawing). After link AB is cut, 
block A continues to rotate around O, while Block B moves in a straight line in the y- 
direction. ma = 6 kg, mg = 3 kg, loa = 3 m, lag = 1 m. The rod has zero mass. 


(a) Let 6 = 3.5 radians/second. What is total angular momentum of the system about point 
O before link AB is cut? 


(b) After link AB is cut, the bar OA (with block A still attached) continues to rotate about 
point O, with Ê initially equal to 3.5 radians/second. 
A moment M = KÖ is then applied to OA to slow it down and finally stop it rotating 
about point O within exactly 5 seconds. Find the constant K. 


(c) After link AB is cut, block B comes in contact with the wall for t = 0.2 sec, and 


changes direction. If ¥g=5.4f m/s before B hits the wall, and ¥,'= 4.2? m/s after B 
hits the wall, find the average force F applied by the wall on B during the time of 
contact. 


25 marks for question #3 


wall 
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MIE100S Term Test: March 7, 2017. Place Answers in CrowdMark Booklet 


Test instructions are provided on the front page of the Crowdmark booklet. 


The center of the1.8-kg sphere C travels along the outer surface of a pipe “D” guided by arm OA, ona 
path described by r = 0.7 sin 6. A small motor at point “O” forces the arm OA to rotate 


radians 


counterclockwise with a constant angular velocity of @ = 2.5 . The spring has a stiffness of 


k=100 N/m and is compressed by 0.33 m when 0 = 63 degrees. The sphere C is in contact with only one 
edge of the slotted arm. Motion occurs in the horizontal plane such that the effects of gravity can be 
ignored. Assume that there is no friction. 


For O = 63 degrees determine the following: 


a) Draw a large, CLEAR free body diagram of the sphere. Include the angles (in degrees) at which 


Š forces operate with respect to the x-axis, but do not calculate the magnitudes of the forces. 
5 b) Determine the velocity Ù of the sphere “C” in polar (r-0) coordinates. 

7 c) Determine a, and ag for the sphere “C”. 

5 d) Determine the “r” component of the force exerted by the pipe on the sphere “C”. 

25 marks 


sphere “C” 


J 


E 


ok 


origin “O” 
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2. In Figure I shown below, the spring with k = 100 N/m is relaxed. The spring is then compressed as shown 
in Figure II by moving the very small block B of mass 0.5 kg to the left a distance 5. The block is then 
released so that it can slide to the right and then up the ramp as shown in Figure III. Note that the block is 
not attached to the spring. Assume no sudden reduction in speed of “B” when it reaches the bottom of the 
ramp, only a change in direction. 


Ee 


b) 


Je 


10 |d) 


25 marks 


Determine the amount ô that the spring was compressed in Figure II so that the block reaches point 
“A” at a speed of 3.5 m/s as shown in Figure III. Assume that there is no friction. 


What is the angular momentum of block “B” about the origin when it reaches “A”? Express your final 
answer as a vector in x-y-z coordinates. 


What is the linear impulse provided to the block B in the very short time interval when it switches 
direction to go up the 30-degree slope? Express your final answer using the x-y coordinate system 
shown. 


Now assume that the coefficient of kinetic friction } is equal to 0.25 on both the sloped and horizontal 
surfaces. If the spring is initially compressed by an amount 6 = 35 cm, what will be the speed of block 
“B” when it reaches point “A”? 


[i =9.81 m/s? 


Figure |: The spring is relaxed, with the block B 
touching the spring. 


aaea oy ee te Oo x 
| rad 
0.2m 0.8m 
Figure Il: The spring has now been compressed a 
distance ð, with the block B touching the spring. 
Figure Ill: The spring has been released, allowing 
the block B to slide along the ground, and then 
up the ramp to the point “A”. 
X 
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10 


10 


(b) 


(c) 


MIE100 Midterm Test #2 — March 14, 2019 


This test has THREE pages - Allotted time: 90 minutes. 


The mass of block “A” is m; = 60 kg, and the mass of block “B” is mg= 20 kg. A rope is shown 
as a dashed line in the diagram. Neglect the mass and friction of the rope and pulleys. Friction 
coefficients between block “A” and the hill are us = 0.25 and px = 0.2. 


Suppose that the system is released from rest. Will block “B” move upwards, or downwards, or 
remain stationary? Prove it. 


Suppose that at the instant shown in the diagram, block “B” has a velocity of 
Dp = 2.5 jf m/s. What will be the velocity and acceleration of block “A” at this instant, and the 
tension in the rope? 


Suppose that at the instant shown in the diagram, block A is sliding down the hill at a speed of 
2.3 m/s. Let E represent the total sum of the kinetic and gravitational potential energies of blocks 
“A” and “B”, such that: E = T,+ Tg + (Vg)at+ (Vo)z- 


dE 
Determine the rate at which E is changing, w 


Pulley is pinned to the ground 


g = 9.81 m/s? 
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2. A wheel with an outer rim of radius 100 mm is attached to its inner hub of radius 60 mm. The 
inner hub rolls without sliding on a stationary rail as shown. A rope is wound around the outer 
rim, and tension is applied to the end of the rope at point C. At the instant shown in the 
diagram, the wheel has an angular velocity of œ = +3 radians/s, and an angular acceleration of 

= -2 radians/s*. At this instant, determine: 


10 |(a) Če, È, and Èo. Express your answer using the x-y coordinate system shown in the diagram. 

5 (b) The length of rope wound or unwound from the wheel per second. 

10 |(c) Gc,@,4 and dg Express your answer using the x-y coordinate system shown in the diagram 

outer rim of wheel 
y 
A 
X 
stationary rail 
rope y 
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10 


3. The diagram below shows a 3-bar linkage, where link AB is completely vertical, and link DE is 
completely horizontal at this moment in time. Pins at A and E are fixed. Link AB rotates with a 


constant angular velocity was. Express all answers using the coordinate system shown in the 
diagram. 


(a) If was = +3.7 rad/s what is the acceleration of point B, åg? 
(b) If œas = +6.8 rad/s, what is angular velocity of link DE, wpg? 


(c) If œas = +10 rad/s, what is angular acceleration of link BD, agp? 


1.14m 0.3m 
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75 marks total 


2-D Kinematics — General Solution Method 


*16-68. 


Rod AB is rotating with an angular velocity of 
wAB = 60 rad/s. Determine the velocity of the slider C at 
the instant O = 60° and b = 45°. Also, sketch the position 
of bar BC when 0 = 30°, 60° and 90° to show its general 


plane motion. 


16-106. 


At a given instant the rollerA on the bar has the velocity 
and acceleration shown. Determine the velocity and 
acceleration of the roller B, and the bar's angular velocity 
and angular accelerationatthis instant 
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MIE 100 Dynamics — Summer 2013 


Midterm Test 
Wednesday May 29, 2013 
Start Time: 11:40am Duration: 1 hr 45 min 


COVER PAGE 


General Instructions: 


e Answer all questions in the exam booklet(s) provided. 
e Write your full ROSI name, Student #, and Tutorial # on each exam 
booklet you use. 
e You may keep the test paper and your aid sheet. 
Number of Pages: 


e 4 (including cover page) 
Number of Questions: 


e Three (3) questions 


Permitted Aids: 


e Approved non-communicating/non-programmable calculator 
e One (1) aid sheet - 8.5” x 11”, double-sided, any colour 


Page 1 of 4 


MIE100 Dynamics-Summer 2013 Midterm Test Wednesday May 29, 2013 


Question 1 {35 marks total] 


a 


A particle P travels along y = 25 such that x = 4t’; time is measured in seconds and 
X and y are in meters. 


a) Find the velocity of P at t = 1s. Use the rectangular co-ordinates shown. 
[5 Marks] 


b) Find the velocity of P at t = 2s. Use normal and tangential co-ordinates. 
[10 Marks] 


c) Find the position of particle P at t = 3s. Use polar co-ordinates centered at O. 
[5 Marks] 


d) Find the acceleration of P at t = 3s. Use polar co-ordinates centered at O. 
[15 Marks] 
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MIE100 Dynamics-Summer 2013 Midterm Test Wednesday May 29, 2013 


Question 2 [30 marks total] 


A 1500 kg car enters a section of curved road in the horizontal plane and slows 
down at a uniform rate from a speed of 100 km/h at A to a speed of 50 km/h as it 
passes C. The radius of curvature p of the road at A is 400 m and at C is 80 m and 
point B is the inflection point (where it is instantaneously straight) of the curved 
path ABC. 


(Hint: For parts (c) and (d) below, treat the car as a particle and find the external 
forces as required.) 

a) What is the constant tangential acceleration? [10 Marks] 

b) What is the normal component of the acceleration at B? [5 Marks] 


c) Determine the total horizontal force exerted by the road on the car when 
itis at position B. [5 Marks] 


d) Determine the total horizontal force exerted on the car when it is at 


position C. Use normal and tangential coOordinates to express your 
answer. [10 Marks] 
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Question 3 [35 marks total] 


eas m/s? 


The collar has a mass of 2 kg and is attached to the light spring, which has a 
stiffness of 30 N/m and an unstretched length of 1.5 m. The collar is released from 
rest at A and slides up the smooth rod under the action of the constant 50 N force. 


a) What is the potential energy of the spring at time t=0? [10 Marks] 


b) Find the velocity of the collar as it passes position B. [15 Marks] 


c) Draw a free body diagram of the collar when it is in position B. Indicate the 
direction (as they act on the mass) of all forces in the plane of motion. It is 
not necessary to calculate their magnitudes.[10 Marks] 
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MIE 100 Dynamics — Summer 2016 


Midterm Test 
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MIE100 Dynamics — Summer 2016 Midterm Test Monday, May 30, 2016 


Question 1 /30 marks total] 


A cyclist travels in a circle at a constant speed of 9 m/s. The radius of the circle is R = 2.8 m and the circle is 
centered at (5,0) as shown in Figure 1. 


a) Find all points along the cyclist’s path where the unit vector in the normal direction is equal to the 
unit vector in the radial direction. [5 marks] 


b) What will be the acceleration of the cyclist when he is at the top of the circle? Express your answer 
using the rectangular co-ordinate system given. /5 marks] 


c) What will be the acceleration of the cyclist when he is at the bottom of the circle? Express your 
answer using a polar system centered at (0,0). [70 marks] 


d) Att=0, the cyclist starts to slow down at 1.3 m/s”. At what time will the absolute values of the 
tangential and normal accelerations be equal to each other? [10 marks] 


Figure 1 
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MIE100 Dynamics — Summer 2016 Midterm Test Monday, May 30, 2016 


Question 2 /30 marks total] 


A 5 kg block sits on a conical dish that is rotating at a constant rate of 10 rad/s about the vertical 
axis (Figure 2). The static coefficient of friction between the block and the dish is u, = 0.28. 


Determine r, the distance between the vertical axis and the block, at which the block is on the 
verge of sliding up the dish. 


Figure 2 
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Question 3 /30 marks total] 


A block “B” of mass 25 kg is connected to a spring with stiffness constant k = 20 N/m. At the 
position shown in Figure 3, the spring is stretched by 4 meters. The block is on a slope of angle 
50° with w = 0.15. 


a) Suppose the block is released from the position shown. For what values of u, will the 
block not start to slide down the hill? [10 marks] 


b) Suppose the block is initially sliding down the slope at 3 m/s at the position shown. What 
is the magnitude of its acceleration at the position shown? [10 marks] 


c) Suppose the block is initially moving down the slope at 3 m/s at the position shown. 
What will be the block’s speed when it has traveled 1.5 meters? [10 marks] 


g = 9.81 m/s? 
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